Introduction
[T]he new "groupware" aims to place the computer squarely in the middle of communications among managers, professionals, and anyone else who interacts in groups, revolutionizing the way they work .... And --hold on to your space helmets --even meetings will become more effective as today's Iow-tech conference rooms turn into multimedia "war rooms" controlled by software that helps keep everything on course (Richman, 1987, p. 128) .
Breathtaking claims of this nature have become typical in business periodicals directed toward managers and professionals. They have been accompanied by a surge of commercial groupware (Datamation, 1986) and by a corresponding interest in using groupware, such as electronic blackboards and networked personal workstations in conference rooms, to increase the effectiveness of group meetings.
While some studies found positive effects when groupware was used in face-to-face meetings (Applegate, 1986; Gallupe, et al., 1988; Lewis, 1982) , the effects have not been "revolutionizing." Moreover, other studies have provided a rather inconclusive picture of groupware's usefulness. For example, Watson, et al. (1988) found that groups with computer support did not achieve greater group consensus or equality of influence compared to groups with only conventional paper and pencil support. Compared to paper-and-pencil groups, computer-supported groups also rated their discussions less substantial, their problem-solving process less understandable, and their confidence in their solutions lower. Similarly, in a series of experiments with distributed groups, both Turoff and Hiltz (1982) and Siegel, et al. (1986) found that group participants exchanged fewer verbal communications and took longer to reach a decision with computer-supported communication than when no computer support was available. Turoff and Hiltz (1982) reported that computer-supported meetings reached a lower degree of consensus than unaided meetings.
An important question posed by tl~e results of prior research is whether groupware in face-toface meetings is simply not functionally advantageous or whether the lack of positive effects from using groupware is a result of serious limitations in the existing research. A review of relevant literature reveals five common limitations that may help to explain these perhaps surprising results.
1. Prior research used small (three and fourperson) groups. The impact of group technology may be significant only in larger groups. DeSanctis and Gallupe (1987) , for example, suggest that "Because large groups experience more dramatic communication difficulties, group decision support systems may have a more positive impact in large groups" (p. 598).
2. Past studies generally used as group participants students who were rather naive users of computers. Thus, unfamiliarity with keyboard input may have hampered the meeting progress. In contrast, experienced users may, expend less effort to interact with the computer and thus be able to incorporate more fully the useful features of the technology.
3. Previous studies were single-meeting experiments that did not allow learning through repeated use of the group technology. Learning may be required before the group members realize how the computer technology can be used to facilitate their communications.
Experimental tasks may have been poorly
matched with the computer-based technology. Daft, et al. (1987) suggested that communication technology is often underutilized because of the mismatch between the extent of the information exchange required and the capabilities of the communication technology used.
5. Many of the prior studies examined "decision rooms" as a whole (e.g., Gallupe, et al., 1988; Watson, et al., 1988) , and hence, perhaps have confounded the effects of different computer-based components such as the personal workstations and the large electronic blackboard. The components should also be studied in isolation to accurately assess their individual usefulness. Additional studies can be conducted later to examine the interaction effects of the components.
The current study compares the effectiveness of prototype versions of computer-based meeting support technology to that of conventional. paper-and-pencil technology in face-to-face meetings. To overcome some of the limitations of prior studies, or at least to complement the results of these studies, this study incorporates (1) larger-sized teams (i.e., seven members per team), (2) team members who are long-time tensive users of computers, (3) an experimental design that allows learning through repeated use of the meeting support technology, (4) team tasks that require considerable information exchange, and (5) an experimental design and technological configuration (see Figure 1 ) that allow effects of individual components of the meeting support technology to be assessed. Three different teams participated in the experiment, as shown in Table 1 . Other important features of the study are the unstructured nature of the tasks and the fact that the task completion required participants to exchange and share information rather than model or calculate data. Messages to other group members were of a broadcast nature; messages to the leader were personally Messages could be typed and signed selected from menus containing preformatanonymous messages such as "Request to Ialk immediately," "Strongly support the or "Speaker is off the point." The workstations also provided an electronic notepad that enabled the users to automatically store timestamped ideas or information for later personal use (e.g., writing the minutes of the meeting).
The second form of computer-based technology was an electronic blackboard (EBB). The EBB was a large, public view surface incorporating ' *  1  2  3  1  2  3  1  2   Team 1  C2,  C2,  C2  B1,  B1,  B1  A3,  A3,  Team 2  B3,  B3, B3  A2,  A2,  A2  C1,  C1,  Team 3  A1,  A1, A1  C3,  C3,  C3  B2,  B2,  Technology Manipulations Task* A=control (conventional meeting room) 1 = task 1 B= personal workstation 2 = task 2 C =electronic blackboard (EBB) 3 = task 3 A3 C1 B2
*These variables were of no theoretical interest, but were included as control variables.
two tools: a freehand drawing tool and a listmaking tool. The freehand drawing tool was under thecontrol of group members and the listmaking tool was under the control of the group's technical assistant. Displays on the EBB could be easily modified, stored, and retrieved. The third form of meeting support technology employed in the experiment involved conventional group communication technology, i.e., traditional notepads, pencils, and a flipchart placed next to the leader of the group. Both forms of the computer-based technologies were prototype versions designed by the field site organization. The researchers were asked by the field site organization to study the effects of the prototype versions and to make recommendations for future versions.
The effects of the three types of meeting support technology (i.e., networked workstations, EBB, and conventional communication technology) were assessed experimentally on five dependent variables: (1) communication thoroughness, (2) equality of participation, (3) perceived equity of participation, (4) quality of team performance, and (5) satisfaction with the meeting. Some positive effects of the computer-based technologies were observed, but some unexpected effects were also found that were quite similar to those discovered in prior studies where small teams of inexperienced users were used (e.g., Watson, et al., 1988; Siegel, et al., 1986) .
The following section provides the theoretical underpinnings of this research and some hypotheses to be tested. Next, the independent and dependent variables and the research design are described. Then, the research results are discussed. The article concludes with implications for practice and research.
Theory and Hypotheses

Theory
Communication --the exchange of information among members --is the main activity in a group meeting (DeSanctis and Gallupe, 1987; Huber, 1984) . Can computing technology, in the form of groupware (Datamation, 1986) , improve communication and thereby make face-to-face groups more effective? A review of related literature suggests that mature groupware may have positive effects on the following five indicators of meeting effectiveness:
1. Communication thoroughness can affect the availability and quality of information that is potentially useful to group members (Hirokawa and Poole, 1986 ) and appears to be positively affected, under some circumstances, by the use of electronic mail in groups (Rice, 1984) and organizations (Culnan and Markus, 1987) .
2. Equality of participation is hardly ever achieved, but research on structured group processes (Van Gundy, 1981; Zander, 1982) demonstrates that shifting member participation in the direction of equal participation results in higher quality group decisions. It appears that, in organizational settings, the use of electronic media increases participation by otherwise reticent members (Foster and Flynn, 1984; Sproull and Kiesler, 1986) .
3. Equity concerns the congruence between the proportion of the group's time used when a member speaks and the contribution of that member to the group task. One way for group-ware to increase equity is to increase the group's ability to inform speakers when they are viewed as using too much of the group's time. Some evidence suggests that it might also increase equity by facilitating participation by knowledgeable, but reticent group members (Foster and Flynn, 1984) .
4. Quality of team performance is believed to be associated with communication thoroughness and equality and/or equity of participation (Fisher, 1974; Zander, 1982 ) and seems to be a possible consequence of using groupware as argued above.
5. Communication thoroughness, equality of participation, perceived equity, and quality of team performance appear to lead to increased satisfaction with the meeting under some commonplace conditions (Hesling and Dunsphy, 1964; Jewell and Reitz, 1974; Zander, 1982) , conditions not unlike those encountered by the potential users of groupware.
The central question of this research, whether computer-based meeting support technology can improve group communication and effectiveness, is not without theoretical linkages. At the organizationa//eve/, the review of empirical literature by Culnan and Markus (1987) clearly shows that computing technology does improve communication in organizational settings, and argumentation (Huber and McDaniel, 1986 ) and testimonial evidence (Business Week, 1983 strongly suggest that a consequence of this improved communication is increased organizational effectiveness. At the dyadic/eve/, Daft and his associates (1979 Daft and his associates ( , 1981 Daft and his associates ( , 1986 Daft and his associates ( , 1987 have developed the concept of matching the communication medium to the communication task, i.e., choosing the communication medium most suited to dealing with the ambiguity of messages to be conveyed (see Figure 2 .) Their empirical findings show that proper choice of media ambiguity results in greater managerial effectiveness (see Figure 3) Kull (1982) and Sproull and Kiesler (1986) found that the use of electronic media reduced the social cues and social interaction of a meeting, and Watson, et al. (1988) reported periods of quiet time the midst of verbal discussion as the group members entered text into the system or read their screens. Watson, et al. (1988) also observed that group members, while talking, faced either their workstation screen or the large group display. This reduced eye contact might increase social distance among members, lower group consensus, and decrease the quality of group discussions. Similarly, features of the hardware and software may lead to delays between when the electronic messages are sent and when they are viewed on the screens. Such delays may impede the meeting's progress as the participants attempt to ascertain what issue the electronic message was addressing, when it was sent, or whether the message is still pertinent. Therefore, an important question is, "Do the possible benefits of an alternative communication channel and the variety of message forms in computer-supported meetings override the reduction in social cues and social interaction?" Fully answering this important question will require a series and a variety of empirical studies.
Hypotheses
This study investigates whether the means to communicate and post information electronically on the public display board and on ones' workstation notepad indeed increases the effective- Note: Adapted and modified from Daft, Lengel, and Trevino (1987) . Note: The model is adapted and modified from Daft and Lengel (1986) and Daft, Lengel, and Trevino (1987) .
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Figure 3. Daft's Theory on Managerial Communication and Media Selection
ness and efficiency of information exchange in a meeting. It should be noted that this study examines only prototype technology. Nonetheless, to form a baseline for a series of studies and to determine how far the current prototypes are from mature technology, the hypotheses are stated in light of the mature technology. A mature workstation communication capability is expected to reduce typical inefficiencies found in conventional meetings, such as competing for participants' attention and waiting to speak. Similarly, the EBB technology is expected to facilitate the modification of public displays and the recapture of information displayed in the current meeting or prior meeting. On the other hand, some of the communication thoroughness gained by the use of computer-based technology may be lost due to the time spent typing on the keyboard and reading messages on the workstation screens. For example, Siegel, et al. (1986) found that group participants exchanged fewer verbal remarks with computer-supported communication than when no computer support was available. So the overall effect is not entirely clear. However, given the extensive computing experience of the participants in this study, such losses in communication thoroughness should be minimal. Consequently, on balance it seems reasonable to believe that:
Thoroughness Hypothesis: System designers in both the EBB and the workstationsupported meetings will experience more thorough information exchange than will designers in the conventionally-supported meetings.
Besides increases in communication thoroughness, the workstation communication capability and the EBB technology are expected to affect social equalization positively. The workstation technology enables the team members to submit ideas to others anonymously. Irving (1976) and Turoff and Hiltz (1982) found that the anonymity of electronic communication increases the number of interpersonal exchanges and reduces the probability of any one member dominating the meeting. Likewise, the EBB, by focusing the team members' attention on the task, is expected to reduce member domination. Finally, the workstation communication capability parallels that of electronic mail, which has been found to increase the participation of otherwise reticent members in organizational settings (Foster and Flynn, 1984; Sproull and Kiesler, 1986) . Thus, we expect that:
Equality Hypothesis: System designers in both the EBB and the personal workstationsupported meetings will participate more equally than will designers in the conventional~ supported meetings.
The personal workstations, with their anonymous electronic messaging capability, also provide the team members with enhanced methods for controlling the process and the conduct of a meeting. Anonymity of a communication medium might encourage feedback. With a single keystroke, participants can broadcast anonymous comments such as "Speaker is taking too long" or "Speaker is off the track." Such computersupported feedback, as a supplement to verbal feedback, is expected to impact favorably on verbal equity (the congruence between the time the team members :talks verbally and the amount he or she contributes to the group task at hand). Hence, it seems likely that:
Equity Hypothesis: System designers will participate more equitably in the verbal conversations when personal workstations are available than when only conventional technology (i.eo, voice) is available.
The Equity Hypothesis addresses only the workstation vis-a-vis conventional meetings. No differences are expected between the effects of the conventional technology and the EBB technology on the equity of participation.
Some research suggests that, as the thoroughness of information exchange increases, the probability of generating high quality ideas also increases (Dunnette, Campbell, and Jaastad, 1963) . This view is widely held by authorities in communication (Fisher, 1974; Zander, 1982) . Consequently, it seems reasonable to believe that:
Quality Hypothesis: System designers in both the EBB and workstation-supported meetings will experience higher quality meetings than will designers in the conventionally supported meetings.
Additionally, following the reasoning of authorities such as Jewell and Reitz (1974), and Zander (1982) , user attitudes are assumed to be a function of communication thoroughness, equality of participation, equity, and performance on the group task. Consequently, we expect that:
Satisfaction Hypothesis: System designers in both EBB and workstation-supported meet-ings will express greater satisfaction with the quality of the meeting than will designers in the conventionally supported meetings.
Methodology
Technology
The three types of meeting support technology that all supplemented voice communication in face-to-face meetings were shown in Figure 1 and were discussed above. The computerbased technologies were not as mature, userfriendly, or sophisticated as those considered in the theory section of this paper. Rather, the current technologies available in the field site organization are best described as prototype technologies. The current study is, therefore, only one in a series of studies that will inevitably take place in the field as these technologies continue to evolve and mature.
Participants
Twenty-one highly experienced professional software designers and computer scientists with industrial experience participated in the experiment. On average, participants had worked two years for the field site organization. All participants were males with advanced college degrees. All participants rated their typing skills as "good" or better. The participants knew about the existence and the nature of the experiment's hardware and software but had not previously used it. Participation in the experiment was voluntary; no monetary incentives were provided for participation or for good performance. All participants were acquainted with one another, and many had previously worked together on teams. The participants were "randomly assigned to three teams, and the teams were randomly assigned to the sequences of technology manipulations. For each team, a person with some leadership experience was appointed as the leader. Since the group tasks were unstructured, and since the time to work on the tasks was limited, experienced leaders were appointed so that the groups were not also burdened with the timeconsuming task of "finding" a leader. In none of the three groups was the authority of the leader challenged.
Experimental tasks
So that the experimental results would not be idiosyncratically linked to one specific experimental task, each tea:m undertook all three tasks. The tasks were unstructured, high-level, conceptual software design tasks requiring the teams first to generate ideas/actions and then to reach consensus on the best ideas/actions. The tasks were all related to a futuristic software design project, and the teams had to forecast future technologies to complete the tasks. Because none of the tasks had ever been solved before, the teams had to create solutions. The tasks were thought to be appropriate for groups since no one individual possessed all the information and knowledge required to accomplish the task, and a wider breadth of knowledge seemed likely to produce a superior product. Before being exposed to the participants, the tasks were iteratively refined based on feedback from pretests using knowledgeable non-participant software designers.
Different frames of reference among the team members also contributed to the unstructured nature of the tasks. Each seven-member team included individuals from four different areas in the organization. The organizational areas of the designers undoubtedly influenced their perceptions of the futuristic project, the concepts being discussed, and the relative importance of the concepts. Hence, multiple and conflicting interpretations of the task descriptions tended to exist within each team. Team members in all three groups expressed discomfort with the fuzziness of the concepts in the task descriptions during the meetings, but none argued that the fuzziness was unrealistic. Because the tasks were of paramount importance to the fietd organization, because they were about software design, and because all the participants were involved in software design, the experiment was termed a field experiment. Nevertheless, although the participants were told that the outputs of the teams were to be reviewed by a senior management group, completing the tasks was not part of any participant's regular work assignment. No significant differences in the dependent variables were anticipated or found to be associated with the experimental tasks (as will be seen in the results section of this article). Consequently, the task descriptions are not included in the article but can be obtained from the first author.
Design
There were three forms of technology, three teams, and nine meetings of each team for which measures were obtained. The experiment was designed as a 3 x 3 repeated measured Graeco-Latin Square, where the sequence in which the participants encountered the technology and the sequence in which they encountered the tasks were balanced across the teams (see Table 1 ). A Graeco-Latin Square design was used because of the limited number of participants available for the study. Each team worked with one of the meeting technologies for three sequential one-hour sessions and eventually worked with all three technologies. Each team worked together for nine one-hour meetings.
Measures of dependent variables
The effects of the three forms of technology wire assessed on five dependent variables: (1) communication thoroughness, (2) equality of participation, (3) perceived equity participation, (4) quality of team performance, and (5) satisfaction with the meeting.
Communication Thoroughness
The team's communication thoroughness was evaluated using five separate measures: (1) the number of thoughts recorded on the EBB or on the flipchart, (2) the number of thoughts recorded on the electronic notepad or on the conventional paper notepad, (3) the number of verbal'remarks exchanged in the meeting, (4) the total number of verbal remarks and electronic messages exchanged in the meeting, and (5) the number task-(as opposed to team maintenance or social emotional) related remarks as a proportion of total verbal remarks. To assess the reliability of the codings of the meeting content, agreement across two independent coders on the task-and other non-task-related remarks was calculated for six randomly selected experimental meetings. The raw agreement ranged from 75 to 89 percent and was assessed as adequate.
Equality of Participation
The equality of participation of the team in a meeting was assessed by computing a standard deviation of the members' total participation units (x) (i.e., verbal remarks plus electronic messages). Each standard deviation was divided by the mean participation units to create a "coefficient of variation," which adjusts for differences in the mean participation units across meetings: 
Perceived Equity
The perceived equity, or inequity, of participation by the team members was assessed using a 7-point Likert scale question. The question asked participants to rate themselves and each of the other participants on the degree of correspondence between (1) the time each spent talking and (2) each person's contribution to the task at hand. The group average of the mean scores of the others' evaluations of a participant was used to determine the amount, of perceived equity in the group meeting:
where .xij j=l N-1 = rating of participant j by participant i = a participant other than the one being rated j = the participant being rated N = number of participants in a meeting Our measure of equity was not wholly satisfactory because a participant assessing others' equity in a meeting could only consider their verbal participation; the electronic messages were anonymous and could not be attributed to any specific participants. Additionally, no reliability data exists for this measure.
Quality of Team Performance
The quality of the team's performance on each of the group tasks was judged independently by four senior members of the field site organization. The judges were not part of the experimental teams but were very familiar and knowledgeable about the concepts and issues considered by the teams when completing the experimental tasks. The assessment of the quality of each team's performance On each task was based on the team's thoughts as captured and saved on the EBB or on the flipchart across the three meetings. The judges evaluated the performance based on four criteria: (1) overall completeness (maximum score of 10), (2) clarity (maximum score of 5), (3) overall impression (maximum score of 5), and (4) point-by-point grading each objective stated in the respective task description (maximum score of 80). The EBB and flipchart contents of each meeting were anonymous and had been transcribed to a uniform format to prevent the judges from knowing which type of technology had been used. The reliability of this procedure for rating the quality of teams' performance was assessed by determining the correlations among the judges' ratings and was found to be satisfactory (see Table 2 ). 
Satisfaction
Satisfaction with the meetings was assessed using a satisfaction instrument consisting of four Liked-scale questions. The first question concerned the overall satisfaction; the second, the level of agreement in the meeting; the third, the perceived progress toward the task goal; and the fourth, the perceived freedom to participate in the meeting (see Appendix A). The group's mean of the scores on the four satisfaction questions was used for assessing th e group's satisfaction with the meeting, because the analysis of item variance suggested that the questions measur.ed the same construct (Cronbach's alpha = .83).
Observations
Researchers observed every meeting from an observation room next to the experimental meeting room. The windows between the meeting and observation rooms were shaded so that participants could not see the researchers. Participants were told that the meetings were being observed and that the researchers in the observation room had sound and video recording equipment. Among the benefits obtained from using this observational data-gathering procedure as a complement to the procedures described above was that the three teams behaved and used the technologies quite differently. Hence, in analyzing the data, differences due to both the technology and the teams were examined.
Experimental procedure
The experimental procedure is shown in Table  3 . For each of the three tasks, the participants met for three 60-minute sessions. Hence, each of the three teams spent nine hours participating in the experiment. In addition, a 20-to 30-minute training session was conducted at the beginning of the first session on each task. A user manual on each of the three meeting support technologies was made available to all team members one full day prior to the first meeting using that technology. The training session and the manual consisted of instructions on how to access specific functions on the technology present in the meeting room. The user manual was available to the participants during the team meetings.
After training, partic!pants spent three to five minutes reading a one-to two-page task description. Then the participants as a group discussed the solution to the task. No structure was imposed for using the technology during the group discussions. The teams could either use, not use, or use in any desired sequence, the technology available in the meeting room. However, if any technology, including the conventional flipchart, was not used for a period of 15 minutes, the technical assistant in the meeting reminded the participants: "Please do not forget to use the technology available." No reminder was provided for the electronic or conventional note-taking technology because the technical assistant had no way of knowing if those technologies were being used. The reminders were viewed as necessary to alleviate the strong "conditioning bond" for conventional technology. On average, only one or two reminders were given per one-hour experimental session. Although reminders introduced a bias in the study, the bias was considered to be less serious than that introduced by participants' conditioning bond or previous habits. The technical assistant was not a facilitator of the team meetings. Rather, the technical assistant merely encouraged the use of the technology and served as a part of the technology (i.e., performed the functions that would be replaced by hardware/software in more mature versions of the technology). For example, the technical assistant operated a workstation that was linked to the EBB in the EBB meetings. She also maintained the electronically submitted "requests to talk" on a flipchart in the workstation meetings, since the software did not allow posting of the talk queues on the individual member's CRTs.
After each 60-minute meeting, each team member independently completed a questionnaire assessing his reactions to various aspects of that meeting. Before leaving the meeting room, the participants were reminded of the next meeting. For each team, the meetings on the same task were scheduled at least two, but no more than 24, hours apart. The first meeting about each task was at least 24 hours after the last meeting concerning the previous task.
Results and Discussion
Preliminary analysis
Four preliminary analyses were undertaken. First, the judges' ratings on overall performance were normalized with a .z-transformation to adjust for differences in scale origins. Second, the variances across the nine ceils of the research design (Table 1) were tested for their homogeneity, a necessary condition for the use of analysis of variance (ANOVA). Because homogeneity was not met, the raw scores of all measures except the quality of performance were transformed to a square root scale. The transformed scores did meet the homogeneity of variance and normal distribution assumptions necessary for ANOVA. All subsequent analyses were performed on these transformed scores. Third, a multivariate analysis of variance (MANOVA) for repeated measures was run to determine if the set of dependent variables was significantly related to the types of technology used, the team, and the interaction between the technology and the team. Differences between the types of technology were hypothesized in the theory section of the paper, and differences between the teams were observed by the researchers during the experiment. The MANOVA results indicated that the dependent variables were significantly related to the three types of technology (F(22,14)=11.46, p<.01) and the teams (F(22,14) = 9.50, p<.01), and to their interaction (F(44,26) = 2.39, p<.05). Fourth, the correlations among dependent variables were computed (see Table 4 ).
It should be noted that although we used the Graeco-Latin Square design to minimize the number of subjects needed, we did not analyze the data by using the design. Instead, we analyzed the data according to the theory proposed for the study and the observations made during the experimental sessions. All hypotheses were .29
tested via a two-way analysis of variance, with the team as a random factor and the meeting support technology as a fixed factor. No differences were hypothesized for the three control variables (task, session number, order in which the technology was used). We did, however, test separately for their significance as possible determinants of the observed variance in the dependent variables. This was accomplished using two different tests. One was a MANOVA containing technology, team, task, session number, and order. The other was a MANOVA containing only task, session number, and order. In neither tests were task, session number, or order significant determinants of the dependent variables (p>.10).
Tests of hypotheses
Because so little experimental work on the effects of computer support in meetings has been published, the study can be considered exploratory, Consequently, so that effects would be relatively unlikely to go unnoticed, a liberal significance level of .10 was used to reject the null hypotheses.
Communication Thoroughness
The Thoroughness Hypothesis concerned the effects of the three types of technology on cornmunication thoroughness. The EBB and the workstation meetings were expected to result in greater communication thoroughness than the conventional meetings. The results in Table 5 show that the technology significantly affected the number of thoughts captured on the notepads, the number of verbal remarks made (but not the combination of verbal remarks and electronic messages), and the ratio of taskoriented remarks to total remarks. No effects due to technology were found, however, in terms of the number of thoughts captured on the group display.
Posterior t-tests using Duncan's Multiple Range Test indicate that more personal thoughts were captured on traditional notepads in the conventional meetings than either on traditional notepads in the EBB (p<.05) or on electronic notepads in the workstation meetings (p<.10), a finding contrary to the hypothesis. Similarly, significantly more verbal remarks were made in the conventional and in the EBB meetings than in the workstation meetings (both p<.05). After adding the electronic messages to verbally exchanged remarks, the total communication among team members in the workstation meetings, however, became comparable to, but not greater than, that in the conventional and the The low number of personal notepad thoughts n the EBB meetings appears to be coupled with Ihe high number of group thoughts in the EBB (see Table 5 ). These results suggest lhat the teams experienced a greater group in their discussions in the EBB than in the meetings. In the EBB meetings, the participants' attention was directed not to individual notepads but to the shared group display and the thoughts being captured on the group display.
The finding that fewer verbal remarks were made in the workstation meetings than in the conventional meetings was surprising. The finding possibly resulted from cognitive overload. The participants in the workstation meetings had to use a keyboard to take notes on their respective notepads, scan their workstation screens for messages, and attend to the flipchart in the front of the room, in addition to engaging in verbal discussions. Further, the group leader had to act upon the messages sent to his screen. During the debriefing session, many participants com-
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plained that the multiplicity of messages and information in the workstation meetings made it difficult to keep up with the meeting's progress. Thus, it seems~ that the workstation technology used was so demanding that it inhibited verbal communication.
Technological factors may also explain why the electronic communication barely made up for the loss of verbal communication (see the verbal remarks, plus electronic messages on Table 5 ). First, preformatted messages had been designed to be anonymous. The members, and particularly the leaders, found the anonymous nature of the messages irritating, as they could not always put the message in the context of the group discussion. Second, although sending customized rather than preformatted singlekeystroke menu messages alleviated the message sender identification shortcomings, team members sending customized messages had to spend more time focused on their computer screens and keyboards, and therefore spoke less.
The time spent typing also possibly reduced the time spent listening. In the debriefing session, one of the participants argued that the workstations interfered with the listening component of meeting interaction. The inability to listen might have additionally reduced the number of verbal remarks and electronic messages exchanged, although the reduced listening might have been offset at least partially by the electronic channel possibly providing attention and information gathering via time spend reading.
Nonetheless, the high proportion of non-taskrelated remarks in the workstation meetings (see Table 5 ) suggests listening problems. For example, many remarks involved asking other team members about the current status of the meeting rather than discussing the group task.
Other reasons for the high proportion of non-taskrelated remarks include the time spent setting up guidelines to facilitate the use of the workstation technology and adapting the technology to creative uses such as voting.
These results on technology must be viewed, however, in light of the differences among teams. Large team differences existed in the number of verbal remarks and electronic messages submitted (see Table 6 ). Team 3 had significantly fewer communication exchanges both in terms of verbal remarks and the combination of verbal remarks and electronic messages than did Team 2 (p<.01) or Team 1 (p<.01). intensity of communication thus seemed to vary greatly from team to team, although the teams were of the same size.
In summary, conventionally supported meetings appeared to result in the highest level of communication thoroughness, followed by the EBBsupported meetings. Workstation-supported meetings manifested the lowest level of communication thoroughness. A positive finding for the EBB technology was that the teams in the EBB meetings appeared to have increased group focus and attention on completing the task. This unexpected finding was the apparent cognitive overload in the workstation meetings.
Equality and Perceived Equity of Participation
The Equality Hypothesis addressed the effects of the technology on equality of participation. In both EBB and personal workstation meetings, the members were expected to participate more equally than in the conventional meetings. The results in Table 5 indicate no statistically significant effects due to either technology, although the workstation technology had an equality index score in the direction of the greatest equality (larger values reflect less equality). Significant differences existed in the level of inequality among the teams (see Table 6 ). Team 3 was more equal in participation than Team 1 (p<.01) or Team 2 (p<.01). No difference was found between Team 1 and Team 2.
One explanation for tlie technology's lack of significant effects on equality is that the problems of communication thoroughness, such as cognitive overload and reduced listening capability, may have overridden the possible benefits of workstation technology. Also, considerably larger teams than those used in this experiment may be needed before the electronic messaging capability has noticeable effects on equality.
The Perceived Equity Hypothesis addressed the perceived equity of participation of team members. In the personal workstation meetings, the perceived equity of participation was expected to be higher than that in the conventional meetings. No difference was expected between the EBB and the conventional meetings. Although no effects due to technology were found, differences due to the team were detected. Team 1 was lower on equity than Team 2 and Team 3 (both p<.05). 
Quality of Team Performance
The Quality Hypothesis concerned the quality of the teams' performances. The EBB and the personal workstation meetings were hypothesized to result in higher performances than the conventional meetings. The results in Tables 5 and  6 suggest that the technology, the team, and their interaction affected meeting quality. The interaction resulted from Team 3's exceptionally poor performance in the workstation meetings (Figure 4 ). The workstation meetings were the last to be held, and the team experienced extreme fatigue. Also, the team in the workstation meetings was working on the task that was the most difficult for all the teams (the task scored the lowest for all teams). It is encouraging, however, to note that each team produced their best solutions in the computer-supported meetings. Teams 1 and 2 did their best in the workstation meetings, and Team 3 did its best in the I~BB meetings. Overall, the results in Table 5 suggest that EBB meetings resulted in better performance than the conventional meetings (p<.01). Also, the workstation meetings led better performance than the conventional meetings (p<.l). Out of the three teams, Team received the highest mean score and Team ;3 the lowest mean score (see Table 6 ). Team performed considerably better than Team 1 and 3 (both p<.05). The EBB meetings resulted in the highest overall performance score (see Table 5 ), perhaps because of the greatest shared group focus. The group focus may have ensured that the thoughts captured on the group display represented the group's consensus rather than a few participants' individual thoughts. The group focus may have also fostered closer scrutiny of the contents on the EBB and resulted in greater fine tuning of these thoughts. The flexibility of the EBB in erasing, moving, and saving meeting information may have also facilitated fine tuning.
The team performance in the workstation meetings was, on average, lower than in the EBB meetings but higher than in the conventional meetings (see Table 5 ). The slightly greater equality of participation in the workstation meetings compared to that in the conventional meetings may have contributed to higher scores on meeting outcomes. Alternatively, electronic messages such as "This is confusing," "We're not getting anywhere," "rm bored," and "We're running out of time" may have helped to keep the group more focused on the task than was evident from verbal exchanges or from other measures of meeting thoroughness.
In summary, the EBB meetings received the highest mean score, followed by the workstation meet-ings. The conventional meetings were scored the lowest.
Satisfaction
The Satisfaction Hypothesis stated that the team members in both the EBB and the workstation meetings would express greater satisfaction with the quality of time spent in the meeting than would those in conventional meetings. The results in Table 5 indicate that the technology had no effect on satisfaction. Team differences were found on satisfaction measures (see Table 6 ).
Team 2 rated its satisfaction higher than Team 1 (p<.05) and Team 3 (p<.05).
The insignificant effects on satisfaction are somewhat surprising given the positive consequences of the workstation and EBB meetings on the quality of team performance. The debriefing session provided some insight on these mixed results.
The participants largely agreed that the electronic communication media were interesting and held promise. Specific reactions were, however, varied across participants. For example, some participants found the electronic messaging medium to be a more polite way to interrupt the speaker, while others felt that the electronic medium was an effective tool to bring a rambling meeting back into focus, and others were convinced that messages were largely ignored by the leader and the other team members.
Overall, the results on the technologies being investigated suggest that there are some positive effects for both communication thoroughness and quality of team performance measures in the EBB meetings. Moreover, no apparent disadvantage resulted from the use of EBB technology compared to that of conventional technology. In contrast, the use of prototype versions of networked workstations for notetaking and electronic messaging provided mixed effects in faceto-face meetings. Thus, the results are encouraging for EBB technology and inconclusive for workstation technology. Details of the experimental results beyond those shown in Tables 5 and  6 are shown in Table 7 .
Limitations and Future Research
The ~imitations of the current study are given here in order to aid researchers or designers who may wish to build on these results. For the most part, the limitations are the consequences of the same contextual features that serve as strengths of the study, and hence, must be examined in the context of these strengths. The experiment used real system designers in a real organizational setting. The setting included an electronic meeting room environment that was not designed solely for experimental purposes, but for teams working on real design problems. The realistic environment of this study makes it a valuable addition to an existing literature that, in contrast, reports almost exclusively either laboratory experiments having modest external validity or field-based evaluations not based on comparisons with control groups. In addition, the separate examination of the two computerbased technologies provides benefits to designers of group support systems and to researchers attempting to build cumulative bodies of knowledge about the effects of individual design features.
The study had the following significant limitations. First, because only 21 designers were available for the study, the experimental design provided limited degrees of freedom for testing the hypotheses. Whenever possible, future research should employ a greater number of experimental teams and thereby achieve a larger number of degrees of freedom. With larger subject pools, the researchers might also vary the size of the teams and cross-compare the performance of the teams with different sizes.
Second, the computer-based technologies were prototype versions and, therefore, not adequately user-friendly. For example, the immature state of the technologies made a technical assistant necessary in both the EBB and the personal workstation-supported meetings. If more mature technology had been used, the results might have been quite different, and would, we believe, have supported more of the hypotheses.
Third, the team members were not explicitly rewarded for good performance. Availability of extrinsic rewards might have increased members' motivation. Studies with extrinsically motivated participants might produce different results.
Fourth, only data recorded in team meetings were available. Participants were strongly discouraged from talking about the experimental tasks outside the meetings. The researchers are not aware that any such discussions took place. On two occasions, the researchers did observe a team member providing photocopies of his pri- vate out-of-meeting work to his other team members during the experimental sessions. Thus, not all task-related activities or products were captured, which reduced the internal validity of this field experiment. Future researchers should try to achieve more control of non-meeting behavior.
Fifth, the experimental tasks were highly conceptual in nature and designed to be completed within three hours. Further work should examine the usefulness of computer-based meeting support technologies for groups engaged in other types of tasks, including more structured tasks.
Summary and Practical Implications
This study was conducted to learn about the consequences of computer support for mediumsized teams working on unstructured problems in a face-to-face group setting. A networked workstation technology and electronic blackboard technology were contrasted with their conventional counterparts on performance and satisfaction measures, as well as on quantitative and qualitative team behavior measures. Overall, this study found limited support for the contention that computer-based technology provides an incremental value over conventional technology in unstructured tasks involving both the generation of ideas and the negotiation of consensus on the ideas. This study also found major differences in performance and interaction measures among the different experimental groups. These results suggest that the theory of computerbased meeting support technology must be extended to account for team differences.
Implications for practice
Our findings on workstation technology and EBB technology may be counterintuitive to those who have observed the strong positive effects of computer delivery in group settings. However, these results are valuable because they demonstrate how group technology can be of limited benefit if the technology is not mature. Additionally, group technology can be counter-productive if the technology does not balance the need for alternative communication channels with the participants' ability to manage multiple channels. This study also provides valuable insights about capabilities that should be incorporated in mature versions of computer-based meeting support technology. We now discuss these capabilities.
The results of this study suggest that the interparticipant message-sending capability of workstation technology provided, on balance, limited benefits. Our observations during the meetings and the results of this study suggest that if this capability is to provide the substantial benefits noted in the theory section of this paper, the technology must be more sophisticated and more user-friendly, and the users must be more experienced in its use. The message-sending capability of workstation technology may have its greatest value in supporting groups distributed in space or time, e.g., where it supplements or supplants the telephone medium rather than the face-to-face media of voice and body language.
This study's results also suggest that the electronic notepad of workstation technology provides no benefits over paper notepads. For potential benefits to be realized, the storing and retrieving capability of the computer must be exploited, e.g., notes taken months ago could be stored and retrieved using a sophisticated crossindexed data bank. Since paper-and-pencil notes allow graphical data to be recorded, electronic workstation note-taking should include the use of a bit pad, magnetic pen, or similar technology to be fully competitive. Also, flexible facilities to collate and edit the notes and project the selected set of notes on the EBB might make workstation note-taking more competitive with paper-and-pencil notes.
The flexibility of the EBB, for example, the ease with which changes can be made, appears to be somewhat greater than that of a flipchart. However, if EBBs are to provide more significant benefits, other capabilities must be exploited. For example, EBBs can be configured to display previously recorded data. Thus, lists and diagrams created at previous meetings might be retrieved from a cross-indexed bank of all images previously appearing on the EBB at that group's meetings. Or members could use the EBB to display data drawn from disks or external data sources.
In the three hours that the teams spent using each computer technology, they did not learn to fully exploit some of the technology's capabilities. For example, the members used the electronic notepad primarily as a memory aid, rather than for recording the minutes of the meeting, the decisions made, or the agreements reached. Similarly, when the discussion became heated, the team members were likely to forget to use electronic means to send messages or "request to talk." Instead, the members all talked at the same time and hence experienced difficulties similar to participants in conventional meetings. The implications are that instruction or training in the creative and functional uses of technology would be a very useful supplement to continued experience.
The computer technologies studied here were in a prototype stage. Thus, the fact that their net effect was mixed is a positive finding, suggesting that some or the majority of the benefits hypothesized earlier may well be realized when the technologies are more fully developed. Thus, we recommend further examinations of the hypotheses of this study with more mature technologies and in settings that have different and perhaps fewer limitations.
